The accurate mapping of quantitative trait loci (QTL) depends notably on the number of recombination events occurring in the segregating population. The cost of phenotyping often limits the sample size used in QTL mapping. To get round this problem, we assessed a selective phenotyping method, called qtlRec sampling. In order to improve the accuracy of QTL mapping, a subset of individuals was selected to maximize the number of recombination events at putative QTL positions; the usefulness of this subset was compared to a selected sample built to maximize the recombination rate over the whole genome. We assessed this method on the quantitative oil content trait in Brassica napus. We showed that the qtlRec strategy could allow increasing accuracy (both support interval and position) of QTL location while it maintained a similar power of detection. We then applied this approach to the B. napus-Leptosphaeria maculans pathosystem for which resistance QTL with minor effect were previously identified. This allowed the validation of the QTL in six genomic regions. The qtlRec method is an attractive strategy for validating QTL in multiple year and/or location trials for a trait which requires costly and time-consuming phenotyping.
INTRODUCTION
Many traits in plants as well as animals and humans are complex and controlled by quantitative trait loci (QTL). The genetic analysis of these complex traits showed that most reported QTL correspond to large genomic regions covering 10 to 30 centiMorgans (cM), which usually include several hundred genes [1, 2] . These large support intervals are a major limitation to the use of QTL in breeding programs through marker-assisted selection (MAS). Indeed, the larger the support interval, the greater the risk that the QTL will be lost or undesirable genes will be introgressed. The number of recombination events is a determining factor for mapping QTL accurately. However, the type and restricted size of populations (F2, doubled haploids…) commonly used to detect and map QTL in plants limit these events. One solution is to use populations with much larger numbers of individuals but then it is time consuming and costly, both financially and in terms of human means, to genotype markers and/or phenotype traits and this can limit this approach.
To get round these problems, different methodologies were developed to either improve the experimental design or use more efficient statistical methods. Among the different possibilities, the use of phenotypically (selective genotyping), or genotypically (selective phenotyping) selected samples can improve QTL mapping precision in comparison to random samples of the same size. Selective genotyping (SG) [3, 4] consists in selecting the most phenotypically informative progeny out of the whole population: only the individuals from the extremes of the phenotypic distribution are genotyped. Several authors refer to the success of this method applied with classical QTL detection methods (e.g. [5] ) or combined with methods of QTL detection based on linkage disequilibrium, so-called association mapping (e.g. [6] ). However, SG offers less benefit for a quantitative trait which is mediated by a large number of QTL with small effects than for a trait controlled by a few QTL with large effects when selection is made on rather small populations (<500 individuals) [7] . Selective phenotyping (SP), used when trait phenotyping is costly, consists of selecting a subset of the most informative individuals based solely on genotypic data from a large population. Brown and Vision [8] developed the MapPop software which proposes to select a reduced subset of the most informative individuals, based on the number and position of crossover sites detected from the genotype data. This selection should optimize the distribution of recombination points all over the genome. The effect of this selection procedure on QTL detection was evaluated in simulation [9] and empirical studies in different plants such as Arabidopsis [10] , barley [11] , maize [12] or pepper [13] . With the same objective, other authors proposed, through simulation studies, methods to select 1) individuals which maximize their genotypic dissimilarity using markers across the entire genome, markers on the chromosome that contained a known QTL or a single marker near the QTL [14] ; 2) the individuals with a maximal number of recombination events considering (uniRec) or not (maxRec) the uniformity of their distribution across the genome [15] . Methods based on genetic dissimilarity are intended to improve the power of QTL detection whereas methods based on recombination rate are intended to improve the accuracy of QTL detection. In all cases, the sample size, selected or not, affects QTL detection. As previously shown, the larger the population, the more accurate the QTL detection [16] . However, a selected population brings more power and precision to the detection process of QTL with small effects in comparison to an unselected sample of the same size, and it can reduce the number of false positive QTL [9] .
Until now, SP methods were applied to refine the position of major QTL (e.g. [17] ) or using a selection based on the entire genome without prior information on putative QTL positions. The previous simulation studies using prior information on QTL position for selection were rather simplistic (one QTL) or involved ideal situations which are rarely representative of reality: No missing data, a small genome, few QTL identified… In this context, we investigated the potential interest of a SP method using a sampling strategy based solely on QTL markers, in a case where many QTL were identified. This strategy intends to improve the accuracy of QTL mapping (position and support interval) by choosing the individuals that maximize recombination at QTL markers and could thus be used for the efficient validation of QTL in different environments for a trait that is phenotyping-costly. The method would then consist in selecting a sample of individuals from a large population which has been totally genotyped and phenotyped in a single environment for a first QTL detection. In order to test this strategy, we used an oilseed rape (Brassica napus L.) segregating population derived from the cross "Darmor-bzh" x "Yudal" (DY). It included 442 doubled haploid (DH) lines that were genotyped and phenotyped in three experiments and used for seed oil content QTL identification [18] . We selected a subset of individuals which maximizes the number of recombination events in nine previously detected QTL regions [18] . An approximate selection rate of 50% was applied since Jin et al. [14] showed that, for a trait showing high heritability, selectively phenotyping of 50% of the entire progeny retains most of the information needed for QTL detection. In order to evaluate the impact and relevance of our sampling strategy, we compared the power and accuracy of QTL detection in the selected and whole populations as well as in a sample selected using the method implemented in MapPop software.
Since we showed that this methodology could improve QTL accuracy, we then applied it to oilseed rape quantitative stem canker resistance. Actually, phenotyping of this trait entails substantial financial costs and human means. The stem canker disease caused by the fungus Leptosphaeria maculans is an internationally important disease of oilseed rape causing serious losses in Europe, Australia and North America [19, 20] . Both qualitative and quantitative resistance were identified in B. napus or in related species and are reviewed in [21, 22] . In previous studies, our search for quantitative resistance factors has focused on one source of resistance, the variety "Darmor", for which resistance QTL were detected in two genetic backgrounds [23, 24] . From the above whole DYDH population, 152 DH lines were originally used for stem canker resistance QTL detection [24] . We applied our sampling strategy based on eight stem canker QTL regions identified in this previous study and we also compared the power and accuracy of QTL detection with this second complex trait.
MATERIAL AND METHODS

Plant Material
The segregating DH population used in this study is derived from the "Darmor-bzh" x "Yudal" cross and consists of 442 DH lines including 225 tall and 217 dwarf lines, available at INRA (Le Rheu). This material was obtained as described in [25] . "Darmor-bzh" is a dwarf isogenic line resulting from the introduction of the dwarf bzh gene in the French winter cultivar "Darmor". "Yudal" is a spring Korean line that behaves as an earlyflowering winter type in temperate climates. "Darmorbzh" and "Yudalv" are resistant and susceptible to L. maculans, respectively.
Selection of Subpopulations
For oil content, a total of nine QTL regions on eight linkage groups (A1, A3, A6 (two regions), A10, C2, C3, C5 and C6) were chosen from a previous study [18] . A subset of individuals which maximized recombination at QTL positions was selected from the 442 DYDH population. For this, each DH line was recorded as recombined (1) or not (0) at each QTL position. At each position, a DH line was recorded as recombined if a recombination occurred between the markers located in the confidence interval of the QTL. The sum of the number of recombined regions per DH line was used to select the DH lines with the maximum recombination rate over all the QTL regions. We refer to this methodology as qtlRec, in reference to the uniRec or maxRec methods of Jannink [15] . The subpopulation consisted of 200 DH (called "qtlRec sample"). In order to compare our sampling strategy with that based on the number of recombination events throughout the genome, another subpopulation of 200 DH (called "MapPop sample") was chosen out of the same full population of 442 DH, using the MapPop 1.0 software [8] . The selection criterion applied to identify the most informative lines was the expected maximum bin length (eMBL), i.e. the expected maximum distance between two recombination points. eMBL for the MapPop population was 8.95 cm compared to 6.83 cm for the whole population. For stem canker resistance, a total of nine regions on eight linkage groups (A2, A6, A7, A8, A9, C2, C4 (two regions) and C8) were chosen from previous results [24] . Two "qtlRec" samples were selected from the same 442 DH population: A 150 DH "qtlRec" sample ("150Q") which was compared to the 150 DH previously studied sample [24] ("150R") and a 200 DH "qtlRec" sample ("200Q") to get the same selection rate as for oil content. As 118 DH lines were present in all sub-populations, the whole population used in this study for stem canker resistance consisted of 279 DH. Based on the results obtained with the qtlRec method (see Results section) on oil content, no MapPop sample was used for stem canker trait.
Genetic Markers and Maps
For the DY population, the published maps [23, 26, 27] , that were recently updated [28] , were used as a starting point to choose the markers and build the DY genetic map. In addition, physical functional markers (prefixed "CZ"), obtained through a Genoplante project in collaboration with INRA-Evry France (coll. H. Belcram and B. Chalhoub, unpublished data; primers are available upon request to Genoplante) were used. PCR assays were conducted essentially as described in [18] . In all, a set of 549 markers was chosen according to the map coverage and the number of missing genotyping data.
The linkage groups (LGs) were built from the whole population using the 549 chosen markers and a LOD threshold of 5.0 with Mapmaker/Exp 3.0 software [29] . Genetic distances expressed in centiMorgan (cM) between markers were estimated with the Haldane function [30] . This map was used for QTL detection in all subpopulations. However in order to evaluate the effect of selective sampling, the size of the LGs determined with the different samples was compared using a student test applied on the differences between the lengths of each LG (α = 0.01).
Field Experiment for Stem Canker
A field experiment with the 279 DH lines of the DY population was conducted at one location (INRA Experimental unit, Le Rheu, France) using an design with three replicates in 2006-07. The 129 dwarf and 150 tall lines were arranged in separate trials. Control lines as well as the parental lines were included in both trials. The controls were winter-type B. napus cultivars showing different levels of L. maculans resistance: "Jet Neuf" (resistant), "Darmor" (resistant), "Falcon"(partially resistant), "Eurol" (moderately susceptible). Infected rapeseed stubble collected from the previous year's trial was scattered through the field to increase inoculum pressure.
The stem canker severity was evaluated for each line as in [24] . Forty plants per plot were uprooted and crown canker was assessed on a 1 -6 scale as follows: 1 = no disease, 2 = 1% -5%, 3= 6% -50%, 4 = 51% -75%, 5 = 76% -100% of crown section cankered. An additional disease score category of 6 was used to indicate plants broken at the crown from severe canker. All crown canker data were transformed to a standardized 1 -9 disease severity scale using the formula: G2 index = [(N1 * 0) + (N2 * 1) + (N3 * 3) + (N4 * 5) + (N5 * 7) + (N6 * 9)]/Nt where N1, 2,…6 = the number of plants with a canker score of 1, 2,…6, respectively, and Nt = the total number of plants assessed.
Statistical Analyses for Stem Canker Trial
For each dwarf and tall DH trial, the analysis of variance (ANOVA; proc GLM of statistical Analysis System, SAS, [31] ) partitioned total variation into line, replicate and error effects (Pij = µ + Li + Rj + eij where Pij is the G2 disease index of the ith line located in the jth replicate, µ the mean of all data, Li the line i effect, Rj the replicate j effect and eij the residual). The trial effect was also tested from data on the control varieties. Heritability (h 2 ) was estimated for the whole DH population with the formula:
/n)] with  g 2 the genetic variance,  e 2 the environmental variance and n the number of replicates.
QTL Mapping
The mean seed oil content in three experiments ( [18] and the mean disease index for stem canker calculated over the three replicates of this study were used for QTL mapping. QTL detection was performed for each population and trait using composite interval mapping (CIM) implemented in Windows was detected in the whole population but not in a subpopulation, it was considered as a false negative (FN) in the subpopulation; in contrast, if a QTL was not detected in the whole population but was detected in the subpopulation, it was considered as a false positive QTL (FP). According to these postulates, we defined the specificity and sensitivity criteria closely related to the detection power, as previously proposed by many authors (e.g. [14] ). The specificity was defined as the proportion of true QTL among all QTL detected within each subpopulation. The sensitivity is the proportion of true QTL detected in a subpopulation compared to the total true QTL detected in the whole population. The specificity (Sp) and the sensitivity (Sn) were calculated as follows:
QTL Cartographer 2.5 [32] . A forward-backward stepwise regression analysis was used with Pin/out = 0.05 and QTL were detected using CIM procedure, with 10 cofactors and a 10 cm window size. The graphic of each LG carrying QTL was generated with MAPCHART 2.2 software [33] . Only the genetic map obtained with the whole population was drawn and the QTL identified in all populations were projected on this same map. We used the LG nomenclature proposed by the Multinational Brassica Genome Project Steering Committee. The QTL were named according to their location on each LG [27] for stem canker resistance, i.e. QLmA9 for QTL of resistance to L. maculans located on the LG A9, and according to their location and the trial for seed oil content, i.e. OilRE01A9 for QTL located on the LG A9 and detected in RE01 trial.
Comparison of QTL Analyses between
Sub-and Whole Populations 3. RESULTS
Genetic Maps Used for Oil Content Analyses
To estimate the effect of our qtlRec selective sampling, we compared different parameters between the populations: The QTL detection power estimated with the sensitivity and specificity criteria and the support interval of the QTL.
The size and the average space between markers on each LG for the qtlRec, MapPop and whole populations are shown in Table 1 . The size of the genetic map obtained in the MapPop sample was significantly (P < 0.01) larger (3914.2 cm) than the one obtained on the qtlRec subpopulation (Total map size = 3525 cm), which is consistent with our strategy of selecting individuals that maximize recombination on the whole genome or at previously identified QTL to built these two populations. The size of the genetic map in the whole population was lower (3292.3 cm) than in the two subpopulations (qtlRec and MapPop samples), as expected.
We adopted the following conventions: A QTL peak was defined at the maximum LOD value and the support interval was defined as the interval where the LOD score decreased of one LOD unit on both sides of the maximum. We assumed that QTL detected in the whole population were true QTL. If the support interval of a QTL mapped in the subpopulations overlapped with a true QTL, it was considered as a true positive QTL (TP); if not, it was considered as a false positive (FP). If a QTL Table 1 . Length and average space (in Haldane cM) between markers on each linkage group (LG) for each sub-population and the whole population derived from the cross "Darmor-bzh" x "Yudal".
LGs used for selecting the qtlRec sample are indicated by an asterisk. 
Additive QTL Detection in the Whole and Sub-DH Populations for Oil Content
We observed the same continuous distribution pattern in the whole, MapPop and qtlRec samples. No significant difference was found between the sub-population means or between the sub-populations and the whole population means. This confirms that the selection based on the genotypic data had no effect on the phenotypic distribution.
The results of the CIM analyses for the whole and sub-DH populations are summarized in Table 2 . LOD thresholds of 3.0 (for the whole and qtlRec populations) and 3.1 (for the MapPop population) were obtained after 500 permutation tests. However, QTL at LOD 2.5 were also considered since most of them colocalized with QTL detected at other LOD thresholds in the other populations or for the other variables. QTL mapping performed on the 442 DH lines globally revealed 35 QTL for the three variables (OilRE01, OilRE02 and OilSE02), distributed on 14 LGs. Of these, 25 QTL were located in the regions that were used for qtlRec sampling. In the MapPop and qtlRec populations, 20 and 19 QTL were identified on 12 and 10 LGs, respectively. The overallexplained phenotypic variation was estimated at 46.5%, 51.9% and 44.4% in the whole, the MapPop and the qtlRec populations, respectively. In order to compare the effect of our sampling strategy, we considered true QTL as those that were detected in the whole population. Out of the 35 true QTL, 13 QTL were detected at the same position as the true QTL in the two sub-populations (on LGs A1, A2, A3, A6, A10, C5 and C6). Thirteen true QTL were detected in none of the subpopulations. Four and five true QTL were detected either in qtlRec or in MapPop sub-populations. This was summarized by the two parameters (sensitivity and specificity) used to evaluate the significance and reliability of the selected samples in comparison to the whole sample. Sn was estimated on average at 0.48 and 0.51 and Sp was estimated on average at 0.91 and 0.88 for the qtlRec and MapPop populations, respectively ( Table 3) .
QTL support intervals were compared in seven regions that were used for selective sampling and where QTL were identified in the whole and the selected populations. In these selected regions, the recombination rate in the qtlRec sub-population was either equal or higher than in the MapPop one but on C2 and C6 LGs (Figure 1 ). As these regions were detected in one, two or three environments, they included 12 QTL in all. The support interval was lower in the qtlRec than in the MapPop subpopulation in six QTL (on LGs A1, A3, A6 and C5). In that case, it was equal to the support interval obtained in the whole population except for OilRE01A2 QTL (Figure 1) . In four cases (OilRE01A1, OilRE02A6.2, OilRE02C5 and OilRE02C6.1), the same support interval was obtained in the MapPop, the qtlRec and the whole populations. For the two remaining regions, either qtlRec and MapPop support intervals were lower than whole population one (OilRE02A6.2) or qtlRec support interval was higher than MapPop and whole population ones (OilRE02C2.1).
Phenotypic Evaluation for Stem Canker Resistance
The 279 DH lines of the "Darmor-bzh" x "Yudal" whole population, as well as the parental lines and control varieties, were evaluated for their resistance to L. maculans in two separate field trials, one for the dwarf and one for the tall DH lines. ANOVA within each trialshowed significant (P < 0.001) phenotypic variation among lines and replicates. ANOVA performed on the control varieties from the two trials showed no significant trial effect and the average disease indexes of each trial (4.52 and 4.74 for the dwarf DH trial and the tall DH trial, respectively) were not significantly different (P = 0.09). Therefore, the phenotypic data from the two trials were pooled and the mean of three replicates was used for the following analyses. The heritability was very high: h 2 = 0.93, as estimated in the whole population. The parental lines "Darmor-bzh" and "Yudal" showed a mean G2 disease index of 1.46 +/-0.29 and 7.72 +/-0.45, respectively. The control varieties showed a level of resistance to L. maculans, which was consistent with expected levels ("Jet Neuf": G2 = 0.99 +/-0.20; "Darmor": G2 = 1.34 +/-0.15; "Falcon": G2 = 2.71 +/-0.56; "Eurol": G2 = 4.43 +/-0.75), illustrating the high inoculum pressure. Resistance throughout the whole DH population showed a continuous distribution pattern (Figure 2) , confirming the quantitative and polygenic control of the resistance ob-served in previous studies [23, 24] .
We observed the same continuous distribution pattern in the random and qtlRec samples (Figure 2) . No significant difference was found between the sub-population means or between the sub-populations and the whole population means. This confirms that the selection based on the genotypic data had no effect on the phenotypic distribution.
Additive QTL Detection in the Whole and Sub-DH Populations for Stem Canker Resistance
The results of the CIM analyses for the whole (279 DH) and subpopulations (150R, 150Q and 200Q) are summarized in Table 4 and Figure 3 . LOD thresholds of 2.8 (for the whole population) and 3.1 (for thesub-populations) were obtained after 500 permutation tests. As for oil content, a LOD threshold of 2.5 was retained for the comparisons. QTL mapping performed on the whole population revealed ten QTL over nine LGs. The estimated phenotypic variation explained by individual QTL varied from 2.5% to 15.5% and the overall explained phenotypic variation was 48.4 %. In the 150R random population, seven QTL were identified on seven LGs. The estimated phenotypic variation explained by individual QTL varied from 4.5 to 15.2% and the overall explained phenotypic variation was 55.4%. In the 150Q qtlRec population, seven QTL were identified on six LGs.
All the QTL detected were also detected in the 200Q qtlRec population at the same position, except on C4 and A4
LGs. In this latter 200Q population, only one additional QTL was detected on A2
LG. The estimated phenotypic variation explained by individual QTL varied from 3.1% to 9.3% and the overall explained phenotypic variation was 65.6% and 56.5% for 150Q and 200Q populations, respectively. The allele increasing stem canker resistance was derived from "Darmor-bzh" for all the QTL, except for QLmA3.2 and QlmC1 where "Yudal" contributed the resistance allele. 
QTL
In order to compare the effect of our sampling strategy, we considered true QTL as those that were detected in the whole population. Ten true QTL were detected, of which five were located in the regions used for sampling the qtlRec population. The power of QTL detection was higher in the whole population than in all selected subpopulations. A single QTL was detected at the same position as the true QTL in all the sub-populations on A7
LG. Four true QTL (QLmA1, QLmA2.2, QLmA9.1 and QLmC7) were detected in none of the sub-populations. Only the 200Q sample allowed the increase of true positive and the decrease of false negative and false positive QTL as shown by the two parameters used to evaluate the significance and reliability of our selected samples. QTL support intervals (SI) were compared in the regions where QTL were detected in the whole or 150R populations and in the 150Q or 200Q populations (Figure 4) . The support intervals were lower in the qtlRec populations than in the random or the whole populations for QlmA3.2, QlmA7, QlmA8 and QlmC8. They were similar to SI estimated in the whole population for QlmA4.1 and QlmC4.1. For QlmA2.1, SI was higher in the qtlRec population than in the random or the whole populations.
cost of phenotyping. We evaluated the qtlRec sampling strategy on oil content in B. napus for which QTL were identified in a previous study on a large genotyped and phenotyped population. Our study showed that the qtlRec sampling strategy performed as well as the sampling strategy based on MapPop software for the power of QTL detection. It also showed that qtlRec sampling strategy decreased the support interval of the QTL more than the MapPop strategy. We then applied the qtlRec sampling strategy to the quantitative resistance to L. maculans in B. napus, which confirmed its interest with this second complex trait, in comparison to the random sample, and allowed the validation of the QTL in six genomic regions through the phenotyping of a selected sample.
DISCUSSION
In this study, we present the assessment of a new sampling strategy, referred to as qtlRec. It is based on the selection of individuals which maximize the recombinetion at targeted QTL regions in order to improve the accuracy of QTL location in comparison to a MapPop sample of the same size. This selective phenotyping strategy would be useful when QTL were identified in a preliminary study from a large genotyped population and a further phenotypic evaluation in multiyear/environment trials is required on a limited sample size due to the high
Effect of Sampling Strategy on the Detection and Mapping of Oil Content QTL
Considering as true QTL those detected in the whole population, we identified 35 true QTL overall the three variables. It was not possible to identify all true QTL in any of the sub-populations. Fifty percent of the true QTL were detected whatever the sampling strategy was. The sensitivity and specificity parameters showed that qtlRec selective sampling led to a similar rate of true positive QTL detection, compared to the MapPop sampling strategy. Overall, we observed that the detection of QTL with low individual effects was particularly affected by both sampling strategies. In both cases, very few false positive QTL were observed. Two of the four identified false positive for OilRE02 variable were located at the position of a true QTL for the other variables, indicating that true positive could also be missing on the whole population. The decrease in the number of true QTL detected was expected when the number of individuals was reduced as previously reported by several authors e.g. [16] . This was also observed by [10] [11] [12] [13] who tested a SP strategy with the sampling method implemented in MapPop software. The benefits obtained with a selected sample, especially when specific genetic regions are targeted, were reported by Jin et al. [14] . Even if the authors used a sampling procedure based on genetic dissimilarity, they showed that a selected sample was better than a random sample, particularly, when specific genetic regions were targeted. Thus the power and accuracy of QTL analysis improves when the selection is more finely targeted using prior knowledge. Sen et al. [34] confirmed this but the efficiency of SP decreased as the number of unlinked loci considered increased. According to the authors, when only a small sample can be phenotyped, the efficiency of the SP is still higher compared to random sampling, even when more than ten loci are used for the selection. Selective sampling based on recombination rates is intended to improve the precision of QTL location. The qtlRec sampling strategy reduced the support interval for six QTL compared to only two for the MapPop sampling strategy, and the two strategies were equivalent for four QTL. Other studies [9, 15] referred to the positive potential of the SP method to increase the accuracy of QTL mapping. Indeed, the support interval will be smaller when there are a greater number of recombinant events in the QTL support interval. The six QTL with reduced support interval in the qtlRec sample were located in regions used for selective sampling where the recombination rate was actually higher in the qtlRec than in the MapPop sample.
In our study, the global R² was slightly higher in the MapPop sample than that of the whole and the qtlRec populations. Global R 2 depends on the genetic map accuracy, inter-marker distances [35] as well as the number and accuracy of detected QTL. An overestimation of individual R 2 values for each QTL was observed when the population size was reduced [11, 13] , owing to the Beavis effect [36] . The estimations of individual and global R² might be less biased in the qtlRec sample than in the MapPop one due to the improvement of accuracy of some QTL.
Effect of Sampling Strategy on the Detection and Mapping of Stem Canker QTL
We showed with the oil content trait that the use of a priori knowledge in targeted regions of interest to select the individuals maximizing recombination at QTL positions lead to a similar QTL power detection compare to the MapPop sampling strategy but led to an increase in the accuracy of small effect QTL location. Then, we applied qtlRec sampling to another complex quantitative trait, the stem canker resistance to L. maculans. It seems reasonable to predict that our methodology could have been more effective if the full population (442 DH) had been previously phenotyped in a single environment and the qtlRec selection applied on the QTL regions identified from this larger population. The increase in recombination would have been more highly focused due to an accurate position of the QTL obtained from this large population. However, since we had two phenotyping years available, we were able to choose the regions to use for selection of recombinants and were able to assess the sampling methodology from 2007 experiment, considering the 279 DH population as the reference one for this comparison. Ten true QTL were detected. It was not possible to identify all true QTL in any of the sub-populations. Nevertheless, an increase of sensitivity and specificity was obtained with the 200Q qtlRec sample compare to the random and the 150Q qtlRec samples. More true positive and less false positive were observed in this 200Q qtlRec sample. This result is due to the combined effect of the sampling strategy and of the increase of the size of the population. Some of the false positives observed in 150Q qtlRec sample resulted from a lack of accuracy in the QTL position, as shown in [37] , where small population sizes generated a shift or an increase in the support interval of the QTL position. Thus, the QTL considered as false in the 150Q qtlRec population on the A4 and C4
LGs could correspond to the true QTL identified in the whole population, but were poorly located on these LGs. Selective sampling based on recombination rates is intended to improve the precision of QTL location. The support intervals obtained with the 200Q qtlRec sample were either similar or smaller than those obtained with the whole population. For the only QTL that had the exact same location on all the populations (QlmA7), the support interval was lower in the qtlRec samples compared to the random sample, as was desired.
Consistency of Stem Canker Resistance QTL across the Years
Our analysis confirmed that stem canker resistance is controlled polygenically, mainly by small effect QTL and is a trait with a very high heritability (0.93). These results are consistent with those reported previously. Pilet et al. [34] identified eight and five QTL and estimated the heritability at 0.89 and 0.88 in 1995 and 1996, respectively, in a 150 DH population from the same DY cross which corresponds to our 2007 random population. A second mapping study was then performed on the "Darmor" x "Samourai" (DS) cross [23] and identified five and four QTL on a 134 DH population in 1998 and 1999, respectively, and four QTL on a 185 F2:3 population in 1998. Four regions were consistent across the two crosses (DY and DS) and the four years
